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Long-term in vivo studies have highlighted smoking as a risk 
factor in postmenopausal osteoporosis, bone fracture incidence, 
and increased nonunion rates, in contrast, there are few data 
postulating the effects of smoking at the cellular level in human 
skeletal tissue. In this study, we present novel evidence demon¬ 
strating that the nicotinic receptor oi4 subunit is present in 
human primary bone cells by using reverse transcriptase-poly¬ 
merase chain reaction (RT-PCR). In addition, we demonstrate 
direct cellular effects of nicotine on primary human bone cells 
and blockage of these effects with a nicotinic receptor antago¬ 
nist, n-tubocurarine. Nicotine effects on cell proliferation were 
bipbasic with toxic, antiproliferative effects at high levels of 
nicotine (>1 mmoi/L) and stimulator}' effects at very low levels 
(0.01-10 pmot/L) after 72 h. This nicotinc-induccd increase in 
cell proliferation was inhibited in a dose-dependent manner by 
the addition of n-tubocurarine. In addition, proliferation effects 
from low-level treatment correlated with an upregulation of 
expression of the AP-1 transcription factor, c -fos, within 1 h, 
which was blocked by incubation with D-tubocurarine. To de¬ 
termine in situ bone ceil responses within their trabecular 
matrix, cores of human bone isolated From biopsies were per¬ 
fused with 0.1 p.mol/L nicotine for 24 h. Western analysis of 
proteins isolated from the cores highlighted an increase in 
osteopontin, a bone matrix protein implicated in regulating 
resorption, which was partially inhibited by the addition of 
D-tubocurarine. To conclude, our results suggest that nicotine 
has a direct effect on human bone ceils in modulating prolifer¬ 
ation, upregulation of the c-fos transcription factor, and the 
synthesis of the bone matrix protein, osteopontin. (Bone 28: 
603-608; 2001) © 2001 by Elsevier Science Inc. AU rights 
reserved. 
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Introduction 

in vivo Studies have highlighted an important role for tobacco 
and tobacco smoke in many skeletal diseases. Smoking has been 
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implicated as a risk factor in postmenopausal osteoporosis with 
effects on bone content and risk of fracture. '• R - 32 Smokers have 
been shown to have 4%-5% Sower bone mineral density (BMD) 
values, which was shown to be significant in the lumbar spine. 
An investigation into the rate of bone change demonstrated a 
greater loss in smokers compared with nonsmokers. 18,19 Further¬ 
more, several studies of tibia! fractures have resulted in unex¬ 
pectedly long healing times and increases in nonunion rate 
apparently associated with smoking. 20 Although there have been 
many in vivo studies highlighting the effect of smoking on 
human skeletal tissue, there have been relatively few in vitro 
studies attempting to understand the action of nicotine at the 
cellular level. 

Nicotine is a major component of the particulate phase of all 
cigarette smoke and, controversially, is the drug that causes 
addiction. Nicotine is known lo stimulate,the central nervous 
system by increasing heart rate and blood pressure. Nicotinic 
acetylcholine receptors found in neuronal, muscle, epithelium, 
tendon, and sensory cells from a number of species, including 
humans, are transmitter-gated ion channels and are formed from 
live homologous subunits surrounding a pentral cation chan¬ 
nel. 411 ' 22 ' 29,M ' 33 ' 3S Although calcium, sodium, potassium, and 
chloride channels have been identified in primary bone cells and 
bone cell lines, no studies have yet been published characterizing 
the nicotinic receptor in human bone cells. 

In this study, vve describe the presence of the nicotinic 
acetylcholine receptor subunit mRNA using polymerase chain 
reaction. We provide evidence for direct and receptoi-mediated 
short-term effects of nicotine on primary human ceil proliferation 
and AP-t transcription factor, c-fos, gene expression. Finally, we 
describe in situ studies using a human bone core perfusion model 
that support our observations of receptor-mediated nicotinic 
effects on human skeletal tissue. 


Methods 

Human Bone Celt Culture 

tinman osteoblast ceils were cultured essentially following the 
procedure described by Kasscm et al. T7 Briefly, small fragments 
of bone were isolated from trabecular bone biopsies taken from 
patients being treated at Accident and Emergency, North Staf¬ 
fordshire Hospital, as described in what follows, Patients were 
predominantly nonsmokers with tissues derived From smokers 
used for preliminary comparisons. Bone fragments were then 
transferred to flasks containing a-minimial essential medium 
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(a-MEMi, 10 '!< I'eui! calf serum (FCS), 1% L-glutamine, and 1% 
antibiotics, and cultures or proliferating osteoblasts were ob¬ 
served alter 21 days (37°C, 5% C0 2 incubator). Osteoblastic 
phenotype was determined in ceil populations by staining for 
alkaline phosphatase enzyme marker. In addition, phenotype of 
cultures was determined using reverse transcriptase-polymerase 
chain reaction (RT-PCR) for collagen type I, and cbfal, bone cell 
differentiation factor mRNA expression (data not shown). In 
some experimcnls. the mouse osteoblastic cell line, MG63, was 
used. Culture media and feeding protocols were as described 
earlier for primary bone cell cultures. 

RT-PCR Analysis for o.4 Nicotinic Receptor Subunit 

RNA was isolated from primary human osteoblasts, the MGS3 
osteoblastic-like cell line, human bone cores, and human brain 
tissue using a modified Chomczynski method.® eDNA was ob¬ 
tained by RT and subjected to PCR amplification using primers 
designed for the a4 neuronal nicotinic receptor mRNA sequence 
(forward primer TGTCCATCGCTCAGCTCATT, reverse 
primer CATGTTCACCAGGTCGATCT, product size 380 base- 
pairs). PCR reactions were carried out in 25 pL volumes with: 
200 pmol/L each of dATP, dGTP, dTTP, and dCTP; 2 pmol of 
each primer template DNA; and 1 U of Taq-DNA polymerase. 
PCR amplification occurred at an annealing temperature of 56°C 
after 40 cycles. The PCR products (5 pL) were visualized on an 
agarose gel (containing ethidium bromide) with ultraviolet light. 

Cell Proliferation Studies 

Cells seeded at 10 4 cells/cm 2 were used to test the effects of 
nicotine (range 0.1 pmol/L to 10 mmol/L; free base; Sigma, UK) 
and the nicotinic receptor antagonist D-tubocurarine on human 
primary osteoblast proliferation, Initially, a dose response to the 
inhibitor was carried out between the range of 10 nmol/L and 10 
mmol/L. The optimal dose used for further study was of an 
equivalent concentration to that used by other researchers in 
studies of the pharmacology of neuronal nicotinic receptor sub- 
types. 12 After cell adherence, various nicotine and D-tubocura¬ 
rine concentrations were added to the media with 2% FCS and 
culture conditions were maintained for 72 ft (37°C, 5% C0 2 
incubator). [Mcthyl-’H]-thymidine (1 pCi/mol, specific activity 
10 Ci/mmol; 1CN) was also added to the medium for incorpo¬ 
ration by proliferating cells. After 72 h, the cells were trypsinized 
and harvested onto Titertek cell harvester Filter mats (1CN), 
[Methyl-'HI-thymidine uptake in cells was assessed using a 
Beckman LS-1801 scintillation counter. 

RT-PCR Analysis of c-fos 

Human primary osteoblast cells were plated at a concentration of 
10” 4 cells/cm 2 and cultured until confluent. Twenty-four hours 
prior to nicotine treatment, the medium was replaced with 2% 
fetal calf serum (FCS). Following treatment for 1 h (see later), 
the medium was removed and the cells resuspended the primary 
solution for RNA extraction. cDNA was prepared by RT and 
subjected to PCR with c-fos primers (forward TCTCTTACTAC- 
CACTCACCC. reverse TGGAGTGTATCAGTCAGCTC). Con¬ 
trol reactions were prepared for the HPRT housekeeping gene 
using primers (forward TTGTaGCCCTCTGTGTGCTCAAG, 
reverse GCCTGACCAaGGAAAGCAAACTC). 

Both PCR reactions were carried out in 25 pL volumes with 
200 pmol/L each of dATP, dGTP, dTTP, and dCTP; 2 pmol of 
each primer template DNA; and I U of Taq DNA polymerase. 
PCR amplification occurred with an annealing temperature of 
57°C after 40 cycles. The PCR products (5 p.L) were visualized 
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on an agarose gel (containing ethidium bromide) with ultraviolet 
light. 

Initially, a time course experiment was conducted, c-fos 
expression was monitored at 30 min, I h, aind 1.5 h following 
treatment with 0.1 p.mol/1. nicotine, and found to be maximal at 
1 h (data not shown). This limepoint was then used throughout 
the experimentation. In addition, a dose response was carried out 
using a control with vehicle only, and with 0 01, 0.1 and 1.0 
pmol/L nicotine added to the medium. All three doses resulted in 
c-fos expression at 1 h. Subsequently. 0.1 pmol/L was used for 
further study Lo determine whether the response could be blocked 
by the nicotinic inhibitor, t pmol/L D-tubocurarine. Osteoblasts 
were treated with 0.1 pmol/L nicotine. 0.1 pmol/L nicotine with 
1 pmol/L D-lubocurarine, or vehicle-only controls. 

Human Trabecular Bone Core Perfusion Model 

Human bone cores were isolated with a trephine from routine 
pinhole sites required for the addition of an external fixator to a 
tibial fracture from trauma patients (aged 25*-6Q) being treated at 
the Accident and Emergency, North Staffordshire Hospital. The 
cores were measured, weighed, and divided into two or three 
equal parts not exceeding 5 mm in length (one section as a 
internal control, the other sections for treatment). The cores were 
placed in a perfusion chamber consisting of a pump, a media 
reservoir, and an incubation chamber, all linked with auto- 
clavable tubing to a Watson multichannel peristaltic pump. This 
procedure was previously described in detail for canine bone 
cores by El Haj et al. 19 and adapted from their protocol. Cores 
were treated with either low FCS medium, medium containing 
0.1 pmol/L nicotine, medium containing 0.1 pmol/L nicotine 
and 1 pmol/L D-tubocurarine. or vehicle-only controls. The eores 
were perfused at a rate of 1 mL/min for 24 h to assess the 
production of the bone matrix protein, osteopontin, by western 
analysis. In addition, cores were perfused for 1 h to analyze the 
effect of nicotine on c-fos expression (RNA isolation and RT- 
PCR analysis of c-fos described in earlier methods). 

Protein Analysis 

For sodium dodccylsulfatc-polyacrylamide gel electrophoresis 
(SDS-PAGE), cells in bone cores were lysed by the addition of 
100 pL phosphate-buffered saline (PBS) containing 0.1% Triton 
X-100. Samples of lysate were mixed with equal volumes of 
dissociation buffer (0.18 mol/L Tris-FICl [pH 6.8], 3% w/v SDS, 
30% v/v glycerol, 15% v/v j3-mercaptoetnanol, and 0,01% w/v 
bromophenoi blue), boiled for 4 min, and subjected to electro¬ 
phoresis in 12.5% acrylamide gels in an electrophoresis (Bio-Rad 
Mini Protean II) apparatus. Proteins were either transferred to 
Hybond-PVDF membrane using a Mini Transblot (Bio-Rad) cell 
overnight at 30 V or stained with Coomassie blue to determine 
equal loading. Transfer to Hybond-PVDF was confirmed by 
staining gels with Coomassie blue. 

Enhanced chemiluminescence (Pierce, UK) was used to de¬ 
tect proteins of interest. Antisera against rat osteopontin (mouse 
monoclonal; Developmental Studies Hybridoma Bank, Johns 
Hopkins University, Baltimore, MD) and vinculin (mouse mono¬ 
clonal; Sigma) were used ai a dilution in PBS of 1:2000. 
Secondary anti-mouse monoclonal antibodies conjugated with 
peroxidase were diluted to 1:4000, Baiids were scanned and 
intensities evaluated using a Black Widow 4800 PP scanner. 
Western blots were stripped and reprobed- Briefly, the membrane 
was submerged in stripping buffer (100 mmol/L p-mercaptoetha- 
nol, 2 % fw/v] SDS, 62.5 mmol/L Tris-HCl [pH 6.7]) and incu¬ 
bated at 60°C for 30 min with occasional agitation. The mem- 
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Figure 1. RT-PCR analysis for Uie presence of <x4 acetylcholine nico¬ 
tinic receptor subunit in a variety of human skeletal tissue and cell types. 
ot4 acetylcholine nicotinic receptor subunit was observed in human 
primary osteoblasts, human osteoblast-like cell line MG63, isolated 
human bone cores, and in a control tissue (human brain). Primers were 
designed as described in Methods. 

brane was then washed for 2 X 10 min in PBS-Tween at room 
temperature. 


Statistical Analysis 

All values are expressed as mean ± standard deviation unless 
stated otherwise. Quantitative analysts was carried out using 
Student’s /-test and analysis of variance. 

Results 

cl4 Nicotinic Receptor in Bone Tissue 

Using primers designated to the ct4 subunit, RT-PCR amplified 
the acetylcholine nicotinic recepLor subunit in human primary 
osteoblasts, MG63 osteoblastic cell line, human bone cores, and 
human brain (Figure 1). PCR products of 380bp were sequenced 
and revealed complete homology with the ot4 nicotinic receptor 
from brain in all of the amplified DNA bands (data not shown). 
No difference was observed in the levels of a4 nicotinic receptor 
mRNA between bone cells derived from smokers and from 
nonsmokers using RT-PCR. 

Effect of Nicotine and o-Tubocurarine (Nicotinic Receptor 
Inhibitor) on Human-Derived Osteoblasts in Culture 

Nicotine treatment (1 pmol/L to 1 mmol/L) has a dose-dependent 
effect on proliferation in primary human osteoblasts in culture 
(Figure 2). Addition of nicotine at concentrations of 0.1 to I 
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Figure 2. The effect of a variety of doses of nicotine (ranging from 0.1 
pmol/L to 10 mmol/L) on proliferation of human primary osteoblasts. 
Incorporation of tritiated thymidine was measured 48 h after the onset of 
nicotine incubation. Values are mean ± SD of six replicates from three 
patients. Statistical values calculated by analysis of variance: <0 01 

and ***p < 0.001 
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Figure 3. The effect of 10 nmol/L, 10 p-mol/L, and 10 mmol/L d- 
tubocurarine (nicotinic receptor antagonist) on proliferation of 01 
pmol/L nicotine-stimulated human primary osteoblasts. Incotporation of 
tritiated thymidine was quantified 48 h after the onset of nicotine/D- 
tubocurarine incubation. Values are mean ± SE of six replicates from 
three treatments. Statistical values calculated by Student's paired /-test. 
***p< 0.001. 


Iimol/L significantly increased osteoblast proliferation rate 
above vehicle-only controls (tritiated thymidine counts, vehicle 
control 68,291.1 ± 1050; 0.1 p.mol/L nicotine 10,088.8 ± 624, 
n = 3, p < 0.001; 1 pjnol/L nicotine 9973 ± 580, n = 3, p < 
0.001). Incubation of cells with nicotine concentrations of >1 
p.mol/L resulted in a decrease in cell proliferation and, ulti¬ 
mately, cell death. Similar trends were observed at the timepoints 
of 24, 48, and 72 h and no changes in the trend were observed 
between smokers and nonsmokers (data not shown). 

The addition of D-tubocurarine, a nicotinic receptor inhibitor, 
to nicotine-stimulated cells (0.1 p.mol/L) resulted in a dose- 
dependent decrease in human osteoblast proliferation (Figure 3). 
Also, 0.1 p-mol/L nicotine (tritiated thymidine counts 9806 ± 
921) and 0.1 jxmol/L nicotine with 10 nmol/L D-tubocurarine 
(7626 ±318 cpm) significantly increased cell proliferation in 
comparison to vehicle-only control cells (6107 ± 523 cpm). 
Inhibition of 0.1 p,mol/L nicotine-induced cell proliferation was 
observed upon incubation of cells with 10 fxmol/L and 10 
mmol/L D-tubocurarine. 


Effect of Nicotine and D-Tubocurarine on c- fos Expression 

Incubation of confluent human primary osteoblast cells with 0.1 
p.mol/L nicotine resulted in upregulation of c -fos after 1 h (n = 
5) (Figure 4a). The 0.1 p.mol/L nicotine-induced c -fos expres¬ 
sion was inhibited in the presence of 1 p.moi/L D-tubocurarine 
after 1 h (Figure 4b). Control cells treated with vehicle only did 
not upregulate c -fos expression (n - 5) (Figure 4a), demonstrat¬ 
ing that the response was not due to mechanical perturbation by 
the addition of agents. Differences in responses between cells 
derived from smokers and nonsmokers were not observed (data 
not shown). 

Perfusion of Human Bone Cores With Nicotine 
and D Tubocurarine 

Increased levels of the bone matrix protein, osteopontin, were 
observed in human bone cores perfused with 0.1 p,mol/L nicotine 
for 24 h (n = 3) (Figure 5a,b). The nicotine-induced increase in 
osteopontin was partially inhibited by 1 pmol/L D-tubocurarine, 
after 24 h perfusion (Figure 5a). Perfusion of cores for 1 h with 
nicotine resulted in upregulation of c-fos expression as described 
for primary cultures and 1 h treatment with nicotine in the 
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Figure 4. (a) RT-PCR analysts of c-fos mRNA levels in control and 0 1 
pmol/L nicotine-stimulated confluent human primary osteoblasts (n = 
5), RNA extraction was carried out 1 h after nicotine incubation. RT-PCR 
of the housekeeping gene, HPRT, was included to ensure measurable 
quantities of cDNA in all samples. HPRT and c-fos PCR products are 
visualized by ethidium bromide staining of 1% agarose gels. {The more 
sensitive silver-stained polyacrylamide gel method of visualizing PCR 
products confirms no c-J'os expression in control samples [data not 
shown)), (b) The effect of 0.1 p.mol/L nicotine and 0.1 pmol/L nicotine 
with 1 pmol/L D-tubocurarine on c -fas mRNA expression in confluent 
human primary osteoblasts, RT-PCR analysis demonstrates levels of 
housekeeping gene HPRT in al! test samples, c-fos expression observed 
in nicotine-stimulated cells only. 


presence of D-tubocurarine resulted in an inhibition of c-fos 
expression (Figure 5c). 

Discussion 

The present study is the first to demonstrate, in human bone 
tissue, the presence of the <x4 neuronal nicotinic acetylcholine 
receptor (nAChR)-subunit transcript characteristic of nicotinic 
receptors, and has further demonstrated nicotine-dependent ef¬ 
fects of c-fos induction and osteopontin upregulation. 

The effect of smoking and key byproducts, such as nicotine, 
have been shown to have a major effect on skeletal remodeling: 
however, only one recent report* 0 has described the presence of 
nicotinic acetylcholine receptor subunits in fetal chick connec¬ 
tive tissues during development. Romano et al.. 30 using jmmu- 
nobistoehcmicaf techniques, demonstrated expression of the nic¬ 
otinic receptor a? mRNA in differentiating periosteal tissue from 
chick embryos at stage 11, However, these investigators sug¬ 
gested that fibroblastic cells within embryonic tissue might have 
been responsible for the expression of the tx7 receptor. 

nAChRs are widespread throughout the central and peripheral 
nervous system and funclion as ligand-gated ion channels that 


Figure 5. (a) Western analysis of proteins extracted from trephine- 
isotated trabecular bone cores. Each bone core was divided into two 
equal parts, one part perfused for 24 h with media and low FCS (see 
Methods) and one part perfused with media containing 0,1 punol/L 
nicotine or 0.1 pmol/L nicotine/1 pmol/L D-tubocurarine. (a) Osteopon¬ 
tin binding to nitrocellulose blot of nicotine-treated cores and controls is 
shown in Figure 4a. The membrane was stripped and reprobed with an 
antiserum for vinculin. (b) Following scanning densitometry, the peak 
area ratios of osteopontin to vinculin bands are plotted against each 
treatment (n = 12, ***p = 0.005 by ANOVA). (c) Trabecular cores 
treated with 0.1 jimol/L nicotine or with 0.1 pmoi/L nicotine/1 pmol/L 
D-tubocurarine or control with vehicle. After I h, RNA was isolated from 
the cores and c-fos expression analysed using RT-PCR. RT-PCR of the 
housekeeping gene, HPRT, was described to ensure measurable quanti¬ 
ties of cDNA in all samples. HPRT and c-fos PCR products are visual¬ 
ized by ethidium bromide staining of 1% agarose geis. 

rapidly desensitize in response to nicoline insult. 37 The a4 
nAChR subunil has been localized in a variety of neuronal and 
nonneuronal tissues, including human brain, 25 human retina, 15 
human nasal epithelium, 4 chick sympathetic ganglia, 23 rat dorsal 
ganglia, 38 and developing chick muscle. 7 In this study, we have 
demonstrated expression of the c*4 neuronal nicotinic acetylcho¬ 
line transcript in the human primary osteoblast, human trabecular 
bone biopsies from tibia] fracture repair patients, and the OStCO- 
blast-!ike MG63 cell line as assessed by RT-PCR. 

Studies involving the direct effects of nicotine, the major 
metabolite of cigarette smoke, have mainly investigated the 
effects on immortalized bone cell lines in vitro or nonhuman 
species. In the present study, we have described the effects of 
nicotine on primary human isolated osteoblasts and perfused 
human bone cores where cells are localized within their natural 
matrix using a procedure similar to that described by El Haj et 
al. 9 using canine bone cores. The levels of nicoline used in this 
study incorporated the concentrations of nicotine observed in 
circulation of habitual cigarette smokers (0.06-0.3 pmol/L) 3 and 
saliva levels of long-term snuff users (0.6-9.6 jxmol/L). 15 
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In the isokitcd primary cell culture, Ihere were himudal effects 
on cell proliferation. Low levels of nicotine (0,1-1 jimol/Lj 
increased cell proliferation at 24, 48, and 72 h. Exposure to high 
levels of nicotine (< l mmol/L) resulted in a dramatic decrease in 
cell proliferation and, ultimately, cell death. These observations 
are supported in part by Fang et a!,’° who studied the effect of 
high levels of nicotine on proliferation of osteoblast-like cells 
and showed that incubation of cells with levels of nicotine >1 
p,mo[(L resulted in a decrease in proliferation, Interestingly, 
incubation with 1 ginrjol/L nicotine reduced cell proliferation by 
40% compared with controls, differing from our observations in 
primary human osteoblast cells. This apparent difference in 
cellular proliferation may reflect the differing response to nico¬ 
tine in cell lines and primary human tissue. 

Lenz et a!. 21 demonstrated an increase in tritiated thymidine 
incorporation when osteoblast-like cells from embryonic chick 
calvariae were induced with nicotine. Similarly, nicotine has 
been shown to stimulate DNA synthesis and proliferation in 
vascular endothelial cells 34 in a bimodal manner similar to that 
described in our study. Furthermore, nicotine has been shown to 
inhibit collagen and alkaline phosphatase activity, hut stimulate 
DNA synthesis (suggesting increased cell turnover) in an osteo¬ 
blast cell line. 27 However, response to nicotine stimulation de¬ 
scribed in all three studies was observed after cells were induced 
with nicotine for <72 h. Long-term effects over weeks may 
reverse these enhanced proliferative effects. 

Short-term effects of nicotine on expression of the c -fos 
oncogene, a memberof the AP-1 family of transcription factors, 
was also measured, c -fos expression is rapidly induced by mito¬ 
genic Signals such as growth sera and growth factors as well as 
mechanical and stress responses. 2 Incubation of human-derived 
primary osteoblasts resulted in an increase in c-fos expression in 

subconfluent and confluent cells, suggesting nicotine-stimulated 
cellular proliferation. Using RT-PCR, expression of the c-fos 
transcript in confluent noninduced cells was undetectable; how¬ 
ever, stimulation of cells with nicotine (0.1 pmol/L) resulted in 
an increase in c-fos transcript expression. 

The nicotine-induccd increase in cellular proliferation can be 
inhibited in a dose-dependent manner by incubation of primary 
cells with D’tubocurarinc, a nicotinic acetylcholine receptor an¬ 
tagonist. D-iubueurarine is an alkaloid that binds tu all nicotinic 
receptor subtypes. 5,12 The nicotine-induced elevation in c-fos 
expression was blocked by D-tubocurarine, suggesting the in¬ 
volvement of nicotinic acetylcholine receptors in the nicotine-c- 
fos response. This provides further evidence for nicotine acting in 
situ at (lie cellular level through nicotinic receptors. 

In addition to these studies on isolated cells in culture, we 
have investigated the effect of nicotine, and its blocker, d- 
tubocurarinc, on perfused human trabecular bone biopsies. In this 
system, cells remain in situ in their surrounding matrix. Increased 
osteopontin protein levels were observed in human bone cores 
perfused with nicotine, whereas a reduction in osteopontin pro¬ 
tein expression was observed in the presence of o-tubocurarine. 
Osteopontin has been demonstrated to be an indicator of bone 
turnover and also degradation. 28 The elevated expression of this 
protein would correlate with nicotine effecting bone turnover 
and, after long-term administration, possibly result in loss of 
skeletal tissue or decline in the rate of bone production during 
fracture repair. 

Nicotine (which is eventually broken down into cotinine in 
vivo) is maintained al a high level by habitual smoking, and has 
been shown to have inhibitory proliferation effects in vivo on 
bone turnover. 8,18 Habitual smokers often suffer loss of bone 
mass, 16,18 increased risk of fracture, 18,19 prolonged fracture re¬ 
pair. and increased nonunion rates. 20 The levels of nicotine in 
bone have not yet been measured accurately and may be aceu- 
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muiated into the matrix and released during degradation. It is 
possible that circulating levels around the fracture site may 
exceed those measured in the blood from smokers. Our results 
did not identify differences in the absence or presence of receptor 
subunit expression from bone cells derived from smokers and 
nonsmokers. Also, we did not detect differences in responses to 
nicotine from cells derived from smokers and nonsmokers. This 
could indicate that levels of receptors may not vary with habitual 
smokers vs. nonsmokers; however, further quantitative studies of 
the levels of receptor expression are needed to confirm these 
findings. 

In summary, we have demonstrated the presence of the 
nicotinic receptor subunit a4 in primary hujman bone celt cul¬ 
tures and human bone biopsies. Nicotine increases the prolifer¬ 
ative rate and c-fos transcript expression in human primary 
osteoblasts. These observations have been extended to in situ 
studies in perfused human trabecular cores where nicotine in¬ 
duces c-fos transcript expression and osteopontin expression. 
Further support for a receptor-mediated process is demonstrated 
by our finding that the nicotinic receptor antagonist, D-tubocu¬ 
rarine, inhibits nicotine-induced responses. 


Aiknowledgment: This study was supported by the Wishbone Trust, UK. 
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